Asians may have better survival after non-small-cell lung cancer (NSCLC) than non-Asians. However, it is unknown whether survival varies among the heterogeneous U.S. Asian/Pacific Islander (API) populations. Therefore, this study aimed to quantify survival differences among APIs with NSCLC. Differences in overall and disease-specific survival were analyzed in the California Cancer Registry among 16,577 API patients diagnosed with incident NSCLC between 1988 and 2007. Adjusted hazard ratios (HR) with 95% confidence intervals (95% CI) were estimated using Cox proportional hazards regression models with separate baseline hazards by disease stage. Despite better overall and diseasespecific survival among APIs compared with nonHispanic Whites, differences were evident across API populations. Among women, Japanese (overall survival HR, 1.16; 95% CI, 1.06-1.27) and APIs other than those in the six largest ethnic groups (other APIs; HR, 1.19; 95% CI, 1.07-1.33) had significantly poorer overall and disease-specific survival than Chinese. By contrast, South Asian women had significantly better survival than Chinese (HR, 0.79; 95% CI, 0.63-0.97). Among men, Japanese (HR, 1.15; 95% CI, 1.07-1.24), Vietnamese (HR, 1.07; 95% CI, 1.00-1.16), and other APIs (HR, 1.18; 95% CI, 1.08-1.28) had significantly poorer overall and diseasespecific survival than Chinese. Other factors independently associated with poorer survival were lower neighborhood socioeconomic status, involvement with a nonuniversity hospital, unmarried status, older age, and earlier year of diagnosis. APIs have significant ethnic differences in NSCLC survival that may be related to disparate lifestyles, biology, and especially health care access or use. To reduce the nationwide burden of lung cancer mortality, it is critical to identify and ameliorate hidden survival disparities such as those among APIs.
Introduction
Lung cancer, of which 80% to 90% is non-small-cell lung cancer (NSCLC), has been the leading cause of cancer death in the United States since the late 1960s (1), with median survival below 8 months for disease stages III and IV (2) . However, lung cancer mortality and survival rates vary markedly by race and ethnicity (1) such that the public health burden of the disease differs by population subgroup. Although randomized clinical trials (3) (4) (5) (6) ) and some population-based studies (2, (7) (8) (9) have pointed to better survival among Asian NSCLC patients compared with non-Asian patients, little is known about NSCLC survival differences among specific Asian/Pacific Islander (API) ethnic groups. Given the wide variation in English fluency, education, culture, immigration history, and socioeconomic status (SES) among API ethnic groups in the United States (10), these groups most likely have differential access to health care, including cancer diagnosis and treatment. Differences in treatment and stage at diagnosis, in turn, are largely responsible for other welldocumented racial/ethnic disparities in survival after NSCLC (11, 12) . In a hospital-based study, Finlay et al. (13) found that foreign-born Chinese and Vietnamese lung cancer patients had more advanced stage at presentation, longer duration of prediagnosis symptoms, and poorer 2-year survival compared with non-Asian patients in the Boston, Massachusetts area. These disparities were likely attributable, in part, to language barriers and cultural resistance to western medical care (13)-issues that vary in prevalence by API ethnicity and nativity (10) .
"well" varied between 6% for Filipinos and 31% for Vietnamese; the percentage of adults ages 25 years and older with less than a high school education ranged from 9% for Japanese to 38% for Vietnamese; and the percentage of individuals living below poverty status ranged from 6% for Filipinos to 15% for Koreans and 16% for Vietnamese (10) . Furthermore, in California in 2007, the percentage of individuals without current health insurance varied between 3% for Japanese and 31% for Koreans. 4 Given this substantial heterogeneity, we hypothesized that NSCLC survival varies significantly and independently by API ethnicity, SES, and nativity. We took advantage of data available for APIs in California, the state with the largest API population in the United States (14) , to look in detail at differences in survival after NSCLC among API ethnic groups. Documenting such disparities is necessary for developing ethnically and culturally tailored ways to reduce them.
Materials and Methods
Study Population. Eligible patients were all California residents diagnosed between January 1, 1988 and December 31, 2007 , with first primary, incident, microscopically confirmed, invasive non-small-cell carcinoma of the lung and bronchus [International Classification of Diseases for Oncology, Third Edition, site codes 340-343, 348-349, morphology codes 8000-8576, excluding 8041-8045 (small-cell carcinoma); ref . 15] . Patients were reported by state mandate to the California Cancer Registry, which routinely collects patient data on age at diagnosis, sex, race/ethnicity, summary stage, treatment modality within the first 4 mo after diagnosis, vital status as of December 2007 (determined by the California Cancer Registry through hospital follow-up and linkages to vital status and other databases), and, for the deceased, the underlying cause of death.
For this analysis, we used data from medical records (16) to classify API patients as Chinese, Japanese, Filipino, Korean, South Asian, Vietnamese, or "other API" (including 15% Cambodians, 14% Laotians, 12% Samoans, 10% native Hawaiians, and >10 other API ethnic groups), as well as non-Hispanic Whites (as a reference group). If race was coded as "Asian, not otherwise specified," the North American Association of Central Cancer Registries API Identification Algorithm (17) , which identifies race based on surname, maiden name (for women), and/or birthplace, was used to classify patients into more specific API groups, if possible. Likewise, if Hispanic ethnicity was unspecified, the North American Association of Central Cancer Registries Hispanic Identification Algorithm (18) was used to classify patients as non-Hispanic.
After exclusion of patients with missing or invalid survival time, including those diagnosed on the death certificate or at autopsy (n = 907), there were 173,781 eligible NSCLC patients, including 16,577 API patients, included in this analysis. The study protocol was approved by the institutional review board of the Northern California Cancer Center.
Neighborhood Socioeconomic Status. Because SES information is not collected for individual patients by cancer registries, we determined neighborhood-level SES according to patient residence at diagnosis using an index that combines census block-group averages of education, income, occupation, and cost of living, as described previously (19) . Information on neighborhood SES was available for 97% of API patients whose residential address at diagnosis could be coded at the census block group level; patients with missing block group information (3%) were randomly assigned to a block group within their county of residence. Neighborhood SES was classified into quintiles based on the distribution of the SES index in the statewide population, then combined into lower SES (quintiles 1-3) or higher SES (quintiles 4 and 5).
Nativity. Information on country of birth was available for 77% of API patients. For the remaining 23% of API patients with unknown country of birth, the first five digits of the Social Security number, indicating the year of issuance, were used along with date of birth to calculate age of issuance and thereby impute nativity (20, 21) . We have previously found that imputed nativity based on age of Social Security number issuance compared with selfreported nativity has 84% sensitivity and 80% specificity for classifying foreign birthplace when API patients who received their Social Security number at or after age 25 y are imputed as being foreign born and those who received their Social Security number before age 25 are imputed as being U.S. born (22) .
Statistical Analysis. Follow-up was measured in months from the date of diagnosis until the date of death from any cause (for overall survival), the date of death from lung cancer (for lung cancer-specific survival, in which patients who died from other causes were censored at the time of death), the date of last known contact, or the end of the study (December 31, 2007) , whichever occurred earliest. Of the 3,196 API patients who were alive at the end of the study period, 87% had a follow-up date within 2 y of the study end date. Recentness of follow-up did not differ significantly by SES, but Filipinos, South Asians, Vietnamese, and other APIs, as well as foreign-born APIs overall, had <90% of patients with follow-up within 2 y, whereas Chinese, Japanese, and Koreans had >90% with recent follow-up (χ 2 P < 0.001). Multivariate Cox models proportional hazards models with separate baseline hazards by summary stage at diagnosis were used to estimate hazard ratios (HR) with 95% confidence intervals (95% CI) for all-cause or lungcancer-specific mortality. Men and women were analyzed separately because of well-known sex differences in survival with NSCLC (23, 24) . Models were adjusted for potential confounders that were selected based on univariate associations with survival, change-in-estimate criteria, and previous knowledge. Registry by a university teaching hospital (yes or no), 5 and initial treatment with surgery (yes or no/unknown), radiotherapy (yes or no/unknown), or chemotherapy (yes or no/unknown). We lacked specific data on therapy with epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors, a class of drugs with significant activity in Asian NSCLC patients that became available near the end of our analysis period (2003) .
The proportional hazards assumption was assessed by visual inspection of the survival curves [log (−log) of the survival distribution function by log (months)] and tests for time dependency. Because associations with treatment varied over time, we included interactions between time and surgery, radiotherapy, and chemotherapy. Exploratory secondary analyses to evaluate effect modification were conducted using separate Cox models stratified by summary stage at diagnosis. Tumor-node-metastasis stage and histologic grade were not considered because they were not available for a large proportion of cases. Analyses were conducted using SAS version 9.1.3 software (SAS Institute, Inc.).
Results
The demographic and disease characteristics of all 16,577 API patients with NSCLC are shown in Table 1 (women)  and Table 2 (men). Partly because of the large sample size, nearly all characteristics, including age at diagnosis, differed statistically significantly by ethnic group in univariate analyses (P < 0.05), with the exceptions of chemotherapy among women (P = 0.34) and radiotherapy among men (P = 0.38). The higher proportion of Filipinos, Koreans, South Asians, and Vietnamese diagnosed in more recent years is likely related to later waves of immigration, which are also reflected by the higher foreignborn percentage in these ethnic groups. Overall, API women were more likely than men to be diagnosed with 
Other API (n = 558), n (%)
Age at diagnosis (y) <50 195 (9) 33 (4) 217 (14) 37 (9) 14 (10) 102 (15) 90 (16) 50-59 300 (14) 128 (14) 282 (18) 77 (19) 27 (20) 119 (18) 127 (23) 60-69 483 (23) 270 (30) 404 (25) 107 (26) 41 (31) 172 (26) 133 (24) 70-79 711 (33) 313 (35) 486 (30) 128 (31) 41 (31) 171 (26) 155 (28) 80+ 450 (21) 142 (16) 208 (13) 64 (15) 11 (8) 96 (15) 53 (9) (38) 353 (40) 542 (34) 130 (31) 38 (28) 183 (28) 185 (33) (7) 66 (7) 130 (8) 45 (11) 6 (4) 62 (9) 60 (11) Separated/widowed/divorced 715 (33) 329 (37) 580 (36) 155 (38) 47 (35) 203 (31) 212 (38) Unknown 41 (2) 18 (2) 29 (2) 12 (3) 5 (4) 30 (5) 10 (2 (12) 405 (46) 95 (6) 14 (3) 12 (9) 12 (2) 172 ( (9) 39 (4) 110 (7) 41 (10) 13 (10) 60 (9) (8) 150 (17) 136 (9) 64 (15) 16 (12) 52 (8) 78 (14) Large-cell carcinoma 152 (7) 47 (5) 76 (5) 16 (4) 2 (1) 26 (4) 35 (6) Bronchioloalveolar carcinoma 182 (9) 70 (8) 152 (10) 38 (9) 10 (7) 54 (8) 31 (6) Other non-small-cell carcinoma 257 (12) 118 (13) 180 (11) 48 (12) 26 (19) 86 (13) 91 (16) Undifferentiated/other 214 (10) 101 (11) 134 (8) 38 (9) 13 (10) 66 (10) (36) adenocarcinoma (53% versus 40%, respectively) or bronchioloalveolar carcinoma (8% versus 4%) and less likely to be diagnosed with squamous cell carcinoma (10% versus 24%). Women were also somewhat more likely than men to undergo surgery as an initial course of treatment (25% versus 22%) and less likely to undergo radiotherapy (36% versus 42%). However, the distribution of stage at diagnosis did not vary appreciably by sex. Among women and men, Chinese, Filipinos, and Vietnamese were more likely than Japanese, Koreans, South Asians, and other APIs to be diagnosed with adenocarcinoma and less likely to be diagnosed with squamous cell carcinoma (Tables 1 and 2 ). Japanese (56%) and South Asian women (53%) were less likely than women in other API ethnic groups (>60%) to be diagnosed with distantstage NSCLC, and correspondingly, the same groups were somewhat more likely to undergo surgery as a first course of treatment. By contrast, among men, the most striking difference was that APIs other than those in the six largest ethnic groups (other APIs) were more likely to be diagnosed with distant-stage NSCLC and less likely to undergo surgery.
The median follow-up time of the 16,577 API patients with NSCLC was 7 months for deceased patients (n = 13,193) and 24 months for nondeceased patients (n = 3,384). Among women, unadjusted 2-year overall survival rates were lowest for other APIs (30%), followed by Vietnamese (31%), Chinese, Japanese, and Koreans (33%), Filipinas (36%), and South Asians (45%). Among men, unadjusted 2-year overall survival rates were likewise lowest for other APIs (20%), followed by Filipinos and Koreans (24%), Japanese (25%), and Chinese, South Asians, and Vietnamese (27%).
As a group, all APIs combined had significantly better overall and disease-specific survival after NSCLC diagnosis compared with non-Hispanic Whites [HR for overall survival, 0.79 (95% CI, 0.76-0.81) for women; HR, 0.83 (95% CI, 0.81-0.85) for men]. However, there was statistically significant heterogeneity in survival among API ethnic groups after adjustment for age at diagnosis, year Other API (n = 774)
Age at diagnosis (y) <50 186 (6) 47 (4) 210 (7) 54 (8) 39 (16) 171 (13) 91 (12) (32) of diagnosis, marital status, neighborhood-level SES, case reporting by a university teaching hospital, tumor histology, and initial treatment with surgery, radiotherapy, or chemotherapy (Tables 3 and 4 ). Among women with NSCLC, Japanese and other APIs had significantly worse overall survival than Chinese, whereas South Asians had significantly better survival (Table 3) . Overall survival was comparable among Filipina, Korean, Vietnamese, and Chinese women. Among men with NSCLC, Japanese, Vietnamese, and other APIs had significantly worse overall survival than Chinese, whereas Koreans had marginally worse survival, and Filipinos and South Asians had comparable survival (Table 4) . Removing treatment (surgery, radiotherapy, and chemotherapy) from the multivariate models did not appreciably affect the results (data not shown). Results for disease-specific survival were similar to those for overall survival (data not shown) because 78% of deceased patients died of lung cancer. Besides ethnicity, several other factors were significantly associated with overall and disease-specific survival after NSCLC diagnosis in APIs. Among women and men, older age at diagnosis, never-married status, and squamous cell, large cell, or undifferentiated/other histology were associated with significantly decreased survival, whereas more recent year of diagnosis, higher SES, and case reporting by a university teaching hospital were associated with significantly increased survival (Tables 3  and 4) . Among men only, separated/widowed/divorced status and "other" NSCLC histology were also associated with significantly poorer survival. Nativity was not associated with overall or disease-specific survival in API women or men after adjusting for ethnic group (data not shown). Because models were adjusted for interactions between treatment and time, distinct HRs for surgery, radiotherapy, and chemotherapy could not be estimated. However, in models stratified by period of diagnosis (1998-2000 versus 2001-2007), having undergone surgery was significantly associated with 3-to 4-fold better survival among women and men, with stronger effects in the later period; chemotherapy was significantly associated with 1.4-to 2-fold better survival, with stronger effects in the later period; and radiotherapy was not associated with a substantial difference in survival during either period (data not shown).
In exploratory analyses of stage-specific overall survival after NSCLC diagnosis, results did not change markedly, although ethnic differences in survival were most prominent for distant-stage disease (that is, most patients). As before, the HR was >1.0 for Japanese and other API women and <1.0 for South Asian women, relative to Chinese women, with localized, regional, or distant disease; the HR was >1.0 for Japanese, Korean, Vietnamese, and other API men, relative to Chinese men, with regional or distant disease (data not shown). However, analyses of localized and regional disease were constrained by small sample size. Results were similar in analyses limited to the most recent 10 years of the study period, with Japanese and other APIs having significantly poorer survival than Chinese women and men (data not shown). *Hazard ratios are mutually adjusted for all variables shown, as well as initial treatment with surgery (yes/no), radiotherapy (yes/no), or chemotherapy (yes/no) and treatment-by-time interactions; separate baseline hazards were estimated by stage at diagnosis.
Discussion
Current literature shows that APIs in aggregate have more favorable survival after NSCLC diagnosis compared with other racial/ethnic groups (2-9). However, studies that disaggregate health statistics for this heterogeneous group have shown dramatic variations in health status and disease rates among ethnic groups (25) . Indeed, our findings reveal significant survival differences after NSCLC diagnosis among API ethnic groups, suggesting that survival statistics combining Asians or APIs into a single group are uninformative for quantifying the burden of lung cancer among APIs and certainly for guiding public health and clinical practice. In particular, among API women in California, South Asians, Chinese, Koreans, Filipinas, and Vietnamese had more favorable survival, whereas Japanese and other APIs had relatively poorer survival. Among API men, Chinese, Filipinos, and South Asians had relatively better survival, whereas Vietnamese, Koreans, Japanese, and other APIs had relatively worse survival. These differences persisted even after accounting for variation in nativity patterns, neighborhood SES, age, stage, and other prognostic factors.
The poorer survival among the other API group in our study may reflect lower SES and access to health care, given that this group was mainly composed of Asian ethnic groups (e.g., Cambodians, Laotians, and Samoans) with generally lower SES (10) . Lower SES may also explain the decreased survival among Vietnamese men (10) . In our study population, living in neighborhoods of relatively higher SES was associated with slightly improved survival. Because other racial/ethnic disparities in cancer survival, such as those between Blacks and Whites, seem to be due largely to differences in treatment and stage at diagnosis (11, 12) , which in turn are highly dependent on SES and access to health care (26) , it is likely that the ethnic disparities observed in our study were likewise due chiefly to differential access. Although we adjusted for neighborhood-level SES based on residential address at diagnosis, we did not have information on individual-level measures of SES, such as education and income. Although neighborhood-level and individual-level SES are correlated (27) , the two groups of measures capture different types of exposures that are independently associated with health outcomes (28) . Thus, our estimates of ethnic differences in survival after NSCLC diagnosis do not account for unmeasured differences in individual-level SES or other measures of access to health care. Adjusting for such measures might attenuate most of the observed survival differences.
The poorer survival among Japanese women and men, by contrast, is probably not due to lower SES and health care access. According to biennial California Health Interview Survey data from 2001 through 2007, Japanese consistently had higher SES (measured by education, income, and poverty level) and access to health care (measured by health insurance status and delay of care) than other API ethnic groups. 4 The Japanese American population has been established in the United States for more than a century and has adopted many elements of a westernized lifestyle (29, 30) ; in 2001 to 2003, 82% of Japanese men and 70% of Japanese women in California were U.S. born compared with <35% of men and women in other Asian ethnic groups. 4 Thus, it is possible that factors we could not assess in our study, including typical Western behaviors and comorbidities, that contribute to poorer NSCLC survival among non-Hispanic Whites may be responsible for the relatively lower survival among Japanese observed in our study. Of note, among Japanese men and women in California, increased acculturation is associated with a lower prevalence of cigarette smoking (31) . Our results in California contrast with the excellent survival among Japanese NSCLC patients in Japan, where studies have routinely shown better survival than among Japanese Americans (5, 6) .
It is also conceivable that part of the observed ethnic differences in survival was due to biological differences among API ethnic groups, although the impact of biology is probably less than that of access to care. Randomized clinical trials of the EGFR tyrosine kinase inhibitors gefitinib (3) and erlotinib (ref. 4 ; which were approved by the Food and Drug Administration in 2003 and 2004, respectively, with restrictions later placed on gefitinib) found that NSCLC patients of East Asian background had significantly better treatment response than non-Asians, likely due predominantly to the higher prevalence of EGFR tyrosine kinase domain activating mutations among East Asians (32) (33) (34) . There may be ethnic variation among APIs in the prevalence of these mutations (35) (36) (37) (38) and other genetic polymorphisms that affect treatment response or NSCLC survival. However, the frequency of such mutations in specific API ethnic groups has not been extensively studied. Because our study period spanned the years 1988 through 2007, only a small percentage of patients at the end of this period would have been exposed to these drugs. However, it has been noted that patients with mutations in the EGFR tyrosine kinase domain have a survival advantage over those without the mutations, regardless of therapy (35) ; therefore, ethnic differences in the prevalence of such mutations may have affected survival throughout the study period.
Our findings are consistent with those of two population-based studies that found significantly better overall survival among Asians than non-Hispanic Whites or Blacks with early-stage NSCLC in California (7) or advanced-stage NSCLC in the United States (2). Study population differences, including SES, English fluency, and recentness of immigration, may explain why our results contrast with those of a clinic-based study in Boston, where Asian immigrants with lung cancer had significantly poorer 2-year survival than non-Asians (13). However, none of these studies examined whether survival varied among API ethnic groups. Our results also agree with those of Ou et al. (7, 39) , who found that lower neighborhood-level SES and unmarried status were associated with worse survival after stage I NSCLC in all racial/ethnic groups in California. Whereas Ou et al. (7) observed that survival with stage I NSCLC did not improve significantly over time in California overall, we detected a significant secular improvement in survival with all stages of NSCLC among APIs. We additionally examined the role of selected hospital characteristics and found that patients reported to the California Cancer Registry by a university teaching hospital had significantly better survival, possibly suggesting greater access to more appropriate staging or therapeutic options at such hospitals.
Another important consideration for interpreting these findings is the lack of cancer registry data on patient smoking status, given that smoking is a known prognostic factor for NSCLC (40, 41) . According to California Health Interview Survey data, there is substantial variation among Asian ethnic groups with respect to current smoking status, with Vietnamese men being the most likely of Asian men to be current cigarette smokers (average of 2001-2007 California Health Interview Survey results, 33%), followed closely by Koreans (31%), then Filipinos (23%), other Asians (20%), Chinese (15%), Japanese (14%), and South Asians (13%). 4 Among Asian women, by contrast, Japanese women were the most likely to be current cigarette smokers (11%), followed by Koreans (10%), other Asians (7%), Filipinas (6%), Chinese (3%), South Asians (3%), and Vietnamese (1%). Of note, 87% of all Asian women combined were lifetime never smokers. 4 However, these prevalence patterns do not closely follow the patterns of NSCLC survival observed in our study, with Japanese and other Asians having the worst survival among Asian ethnic groups. Moreover, they do not strictly parallel the observed ethnic distribution of histologic subtype because the ethnic groups most likely to have adenocarcinoma (which is more common among never and former smokers) and least likely to have squamous cell carcinoma (which is more common among heavy smokers; ref. 42) were Filipinos, Vietnamese, and Chinese. By contrast, we and others (43) found that women were more likely than men to be diagnosed with adenocarcinoma, mirroring their lower prevalence of smoking. However, ethnicity-specific smoking patterns assessed by the California Health Interview Survey in the general Asian population may not match such patterns among Asian lung cancer patients. Although it is known that the proportion of non-smoking-associated lung cancer is higher among APIs overall (9), differences among API ethnic groups have not, to our knowledge, been investigated.
Other limitations of our study include the lack of detailed or complete data on stage, treatment, and behavioral, environmental, and genetic factors that may influence survival after NSCLC diagnosis, as well as the reduced sample size for stratified analyses (e.g., by stage or nativity). We were also unable to examine differences in quality of life after NSCLC diagnosis, which does not equate with duration of survival. On the other hand, our study offered considerable strengths, most importantly, its unparalleled setting in a population-based cancer registry that includes all NSCLC lung cancer patients diagnosed over a 19-year time period in California, where the large and diverse API population (14) enables robust survival comparisons among six distinct API ethnic groups. In addition, the uniform collection of survival data for all cases minimized bias due to differential follow-up. Thus, our results can be generalized to a broader population than previous studies that were not population-based or were limited to a subset of patients with availability of certain data.
In summary, we found that, although APIs combined have relatively better survival than non-Hispanic Whites with NSCLC, there are considerable survival disparities among API ethnic groups. Recently, the Lung Cancer Mortality Reduction Act of 2008 (S.3187) was introduced in the U.S. Senate to implement a comprehensive interagency program to make lung cancer mortality reduction a national public health priority (44) . Although the bill emphasizes the importance of reducing the "burden of lung cancer on minority and rural populations," the only disparity specifically mentioned is the high incidence rate of lung cancer among African Americans. Our findings indicate that certain API ethnic groups suffer disproportionately from lung cancer mortality and that APIs should not be overlooked in the national effort to eliminate lung cancer disparities. Studies with patient information on health care access, treatment decision-making, lifestyle, and other potential prognostic influences can help to identify areas where public-health actions can remediate these disparities.
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